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THE I NVENTION This invention relates to a process for
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U.S. Patent 3,903,120 discloses a process for preparing zero-valent

nickel complexes by reacting elemental nickel with a monodentate
phosphorous ligand of the formula PZ; where Z is an alkyl or alkoxy group,
or preferably an aryloxy group. The process uses finely divided elemental
nickel and is preferably carried out in the presence of a nitrile solvent. The
reaction is carried out in the presence of excess ligand.

U.S. Patent 3,846,461 discloses a process for preparing zero-valent
nickel complexes of triorganophosphites by reécting triorganophosphite
compounds with nickel chloride in the presence of a finely divided
reducing metal which is more electropositive than nickel, and in the
presence of a promoter selected from the group consisting of NH3z, NH4X,
Zn(NH3)2X5, and mixtures of NH.X and ZnX, , where X is a halide.
Reducing metals include Na, Li, Mg, Ca, Ba, Sr, Ti, V, Fe, Co, Cu, Zn, Cd,
Al, Ga, In, Sn, Pb, and Th, with Zn being preferred.



Reducing netals include Na, Li, My, Ca, Ba, Sr, Ti, V,
Fe, Co, Cu, Zn, Cd, A, G, In, Sn, Pb, and Th, with
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reducing metal that is more electropositive than nickel, wherein the nickel
chloride is introduced as an aqueous solution wherein (i) the water is
removed concurrently with the reduction of the nickel chloride by
azeotropic distillation or (ii) the water is removed by azeotropic distillation,
followed by reduction of the NiCls. ,
DETAILED DESCRIPTION OF THE INVENTION
The catalysts of the present invention may be prepared by

contacting nickel chloride with a bidentate phosphorous-containing ligand
in the presence of nitrile solvent and a reducing metal. The nickel chloride
is introduced as an aqueous solution and the water is removed
concurrently with NiCl; reduction. The reducing metal can be any metal
which is more electropositive than nickel. Such metals include Na, Li, K,
I\/‘Ig, Ca, Ba, Sr, Ti, V, Fe, Co, Cu, Zn, Cd, Al, Ga, In, and Sn. Most

preferred are Fe and Zn. The reducing metal (hereinafter “MET”) is
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The catalyst formation reaction is carried out in the presence of a

25  solvent that is a nitrile, preferably 3-pentenenitrile or 2-methyl-3-
butenenitrile. The concentration of ligand may range from about 1% to
90% by weight. For practical reasons the preferred range of ligand
concentration is 5% to 50%. The extent of reaction may be controlled by
making either the NiCl» or the reducing metal (MET) the limiting reagent.

30 The preferred amount of MET will generally fall in the range of 0.1% to 5%
of the reaction mass. The molar ratio of NiCl, fo MET ranges from 0.1:1 to
100:1. The preferred ratio of NiClo:MET ranges from 0.5:1 to 2:1. The

reaction temperature may range from 0°C to 80°C. The preferred
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wherein R" is phenyl, unsubstituted or substituted with one or more Cqito

C42 alkyl or C1 to C42 alkoxy groups; or naphthyl, unsubstituted or
substituted with one or more C4 to C4; alkyl or C4 to C4, alkoxy groups;
and Z and Z' are independently selected from the group consisting of
structural formulae IV, V, VI, VI, and VIlI:
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and wherein
R*,R% R*,R° R% R’,R% and R® are independently selected from
the group consisting of H, C1 to C+3 alkyl, and C4to C1, alkoxy;
Xis O, S, or CH(R");
R'is H or C; to Cy; alkyl;



and Z and Z1 are independently selected fromthe group

consisting of structural fornmulae IV, V, VI, VIl, and
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5 and wherein
R"and R are independently selected from the group consisting of
H, C1 to Cy2 alkyl, and C;to Cqz alkoxy; and CO,R™3,
R™ s C; to'Cy, alkyl or Cg to Cyo aryl, unsubstituted or substituted.
with C4 to C4 alkyl ;
10 Yis O, S, or CHR™);
R™is H or Cy to C12 alkyl;

R15 R15

Vil
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C1to Cy2 alkoxy and CO.R™;

R s C4 to Cy, alkyl or Cgto Cqo aryl, unsubstituted or substituted
with C4 to C4 alkyl.

In the structural formulae | through VIlI, the C4 to C4; alkyl, and C

20 to Cqz alkoxy groups may be straight chain or branched.

Examples of bidentate phosphite ligands that are useful in the
present process include those having the formulae X to XXXII, shown
below wherein for each formula, R is selected from the group consisting
of methyl, ethyl or isopropyl, and R'® and R are independently selected

25  from H or methyl:
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of which aré i yated herein Dby refe
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the reaction produc

Additional suitable bidentate phosphites are of the type disclosed in
U. S. Patents 5,512,695; 5,512,696; 5,663,369; 5,688,986; 5,723,641;
5,847,101; 5,959,135; 6,120,700; 6,171,996; 6,171,997, 6,399,534; the
disclosures of which are incorporated herein by reference. Suitable
bidentate phosphinites are of the type disclosed in U. S. Patents
9,523,453 and 5,693,843, the disclosures of which are incorporated herein
by reference.

The reaction may be carried out in a manner such that unreacted
excess NiCl; or MET may be separated from the reaction product by
filtration or centrifugation or by settling and decantation. The collected
excess nickel chloride or MET can then be recycled back to a catalyst
preparation reactor. The catalyst of this invention may be used with 3-
pentenenitrile and HCN to produce adiponitrile.

- 11 -
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preparation reactor. The catal yst of this invention
may be used with 3- pente [ and HCN to produce
adi ponitrile. - 11 WO ZC%M PCT/ US2004/ 001073
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~80.2 °C at this pressure. The needle on the gas tight syringe was stuck
into the headspace of the reactor through the septum. The aqueous NiCl,
was drop wise added to the boiling 3-pentenenitrile. Water and 3-
pentenenitrile was taken off into an empty graduated cylinder through the
condenser. Fresh 3-pentenenitrile was added periodically from the
addition funnel to make up for the loss of 3-pentenenitrile that came over
with the water. The drop wise addition of the NiCI2 continued until all the
NiCl2 had been added to the pot. The pot was allowed to cool to 62°C
under a nitrogen blanket. A slurry of 5.11 grams of iron plus 10.1 grams of
3-pentenenitrile was added to the pot. Pumping and purging with nitrogen
three times degassed the system. Vacuum was pulled on the system
again and the 3-pentenenitrile was taken off at 65°C and a pressure of 0.7

psia (4.8 kPa). After 2 hours the solution had turned a dark brown color.
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Puwps wgjthatrawp u‘rcgn tige wot. hA sahpdg élom tHis eleat ligwid was treated
20 U andradivashb it AdParhace digh and acse
5 anmd?ca@éﬁé%bﬁaanQeﬂtr C}Rﬁu‘ i ac{ g'z% M&ﬁéé/nte%fo? Rﬁ[of-. 12%‘{%

the sol ution turne rown colo
20044lgsis howedThes? 0as/mMatdpesenitigasd «Begradatnon h'ﬁreating a

S BebfF ol e st wih e fiobBhameninesiiule p RiT &
setpie chhﬁea' &ﬂ?oﬂntrﬁ% bela r&‘%ssﬁéﬂllépfg &4 gfsf gm&vﬂ!&gﬁ%

Asarrpefromth [Tquid was treate
andltemate/methdds.| R 1ts adsorbance at 1987 and 2040 cm

-1 5 indicated a nolar concentratjion of 0.022
10 oles/liter of N [0]. Therl—%@—agaéysi s showed there
was no AGEY @i fourdoBebr A8ERURIs £ -up W EbRdefser $ u‘%d

of the clear solution wth additi onal 3-pentenenitri
antake@{, & liquid eddition daree! aagitaiar, o $epium pert, rthemsnocouple

i { t thods. 10
£ ssRlre fafighfet Bho A0 die AN el ezt AR
cosldetrizeiedting batel Brovidedhesifto the Iroam doﬁ@lmlﬂaskn All fittings
funnel, agitator, a septum port, thernmocoup

15 er@%Y%Cqumﬁ@Bhaaunﬂraia%mum fIRPgnt wfefrém Sr@eﬂtﬁnemtnle
© Wb foadiPaRdEniraen B A\t dddidtERInBR, TR Fhg' b S5k %

e roun Ias
vaaqmm)LIs gpittign N2 wasibadpdiimtbsa ga2bght syrfngfer\mﬁha valve

S BEE Pl 'd?e qxazhegsgfpsqwg&egbé@ LR et
iy 18 ;

%"{"‘*2@5‘% PO, X GRrbrOnls SEPIERY s 1
20 12@nqi; metiﬁ/l)pebow(mus 6159egrap1|euef it@n wasgmaadm:i info the

IHi Sun lc?ofttosn% flaglt< ur:’umplné And rp%rg'?%g V\Illﬁ'l nlfc'rogér? l;[Wree tljﬁwlgs s
| degassed the system. Heat was applied to the flask with agitation. The
pressure was adjusted to ~0.1 psia (0.7 kPa). The needle on the gas tight
syringe was stuck into the headspace of the reactor through the septum.
25 The aqueous NiCl2 was drop wise added to the boiling 3-pentenenitrile.
Water and 3-pentenenitrile was taken off into an empty graduated cylinder
through the condenser. The temperature varied between 30.4°C to
41.5°C at a pressure of ~0.1 psia (0.7 kPa). Fresh 3-pentenenitrile was
added periodically from the addition funnel to make up for the loss of 3-
30 pentenenitrile that came over with the water. The drop wise addition of the
NiCl2 continued until all the NiCl2 had been added to the pot. After 69
minutes, the NiCI2 addition was completed. The solution appeared to be a

dark brown — yellow color. Heating and vacuum to the pot was turned off.
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20 and R19 is nethyl), above, plus 6.59 grans of iron

was | oaded into the round bottom flask. Punping and
w@eogioenyoami t h nitrogen three tines degassed tPEI/US2004/001073

system Heat was applied to the flask with agitation.

The pressure was adjusted to -0.1 psia (0.7 kPa). The

neébf PobWasrrgilgied pvgwghtwﬂeh @@l&ﬁ@aersbla@ket with notheat. |

h eact

heReenipRbattiof SR8 bpla SIS (AL Bk Rowe
3- ’memtﬂee Miher ¢lear. hunt/@s vaﬂtﬁrawpémm tiedn pbt. i A@awaﬂe from this

t aken i nt o, an enpj ate& I inder throug
t he'egb %Hé’@s rerﬁf@dt\wﬂ% 9?%1@'& anoed by V\lé%ﬁd%bam at

5 411867 @hd 2020 ”ﬁﬁdl@éteg% ﬂﬂopa?'c%nggnl?ﬂf&r?gsf 0.018Holes/liter of
3- ed y fromthe

entenenltr e Was eriodica
ad bllu[O] ohhé Lnahalysis mhbwednhémwaﬁ eol apparet lB;uszdegradatlon

pentenenitrile t er W

b SiFag 4 pamols Ofthe oo acdiohel &-renferiarunie and
N

thﬁ%' 0 G AR il BPA et il ot Boduced by
appkemnete metihedsa dark brown - yeI | ow col or. Heating
and vacuumto the pot was turned off. - 13 WO

2004/ 064994 PCT/ US2004/ 001073 The pot was agitated
overni ght under a nitrogen bl anket with no heat. In
the norning agitation was stopped and the remaining
solids were allowed to settle. The clear liquid was
withdrawn fromthe pot. A sanple fromthis clear
liquid was treated with CO and anal yzed by IR Its
adsorbance at 5 1987 and 2040 cm -1 indicated a nol ar
concentration of 0.013 noles/liter of N[O]. The LC
anal ysi s showed there was no apparent |iquid
degradation. Treating a sanple of the clear solution
with additional 3-pentenenitrile and HCN at 50C
produced adi ponitrile at .a rate simlar to catalyst
produced by alternate nethods. - 14 WD 2004/ 064994
PCT/ US2004/ 001073 CLAIMS Wat is clainmed: 1. A
process for preparing a hydrocyanation catal yst
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5 conprising contacting at | east one bidentate
phosphorus-containing ligand selected fromthe group

waeongietdovng of bi dentate phosphites and bi dent BEBUS2004/001073

5

10

15

20

25

30

phoshinites, with nickel chloride, in the presence of

antrile solvent, and a rgducidg netal that is nore
el ectropositive than ni ckel-(fel—"gmm n the nickel

chighdtdecliaimedi r oduced as an aqueous sol uti on wherein
(i) the water is 1o renoved concurrently with the
reduction of the nickel chloride by azeotropic

avoot robt o drSTepRs o5 Fer Y o hRafEREHR R alvat « he
Ni Cbrapriging Homtsctingesideast oﬂeebldeﬂtawphesphdrhg-d@h(hm‘hgtllgand
phosp hor 15 cont ai ni ng i s a bident

P8 BAeRdTory the 0w coasging Sapdeniss aResanies and bidentate
o PRECHIIES: il hitkeleHiiter ) e BfioflgP U fESoebhf tina o
Cdredlélcingmﬁtal_rthafaiadnm. ele€trepostive thanasclkel obheteh thednickel
chPpftie Romrodu A5 Ba A oo T sl My el BB water i
Cafgrhovidd cc?r%u?renﬂ%mﬂf ﬂf‘eq%aueﬁor%ﬁ!h@ McKEI &R Piet lFsgl -

reduci ng netal 1s°Zn or . process o
maz@trommélsélaamrygt (xmtr@wamrus) nemsve«t by dzeptrdpiatdistillation,

te nd at a pressure of about
O.@SW%L@F’?%E"S 'gcﬁ Pa. 7. The process of claim
6 wherein the cat aI yst preparation is conducted at a

tenperature of about 20C to about 60C - 15 WO
2004/ 064994 Pag/PRRRsAietaioTE whereimiibe pidariaie pliospharua-

b I 2 to the reducing
éﬁ] '{%ﬁ‘%ﬁl&{% gég(?ﬂgétgg%# %pr ocess of claim$8
V\herel n the nolar ratio of NNCl2 to the 5 reducing
t al 0.5:.1 to 2:1.
retal | § Tf11e pcr)ocess of claim 2 wherein the reducing metal is
selected from the group consisting of Na, Li, K, Mg, Ca, Ba, Sr, Ti, V, Fe,

Co, Cu, Zn, Cd, Al, Ga, In, and Sn.

4, The process of claim 3 further comprising separating
unreacted nickel chloride or reducing metal from the hydrocyanation

catalyst.

5. The process of claim 3 wherein the reducing metal is Zn or
Fe.

6. The process of claim 2 wherein the catalyst preparation is

conducted at a temperature of 0°C to 80°C and at a pressure of about 0.07
kPa to about 20 kPa.

7. The process of claim 6 wherein the catalyst preparation is
conducted at a temperature of about 20°C to about 60°C

- 15 -



10. The process of claim9 wherein the bidentate
phosphorous- containing |igand is a conpound havi ng

wao b@4beroul a (R1 O 2P(QZO P(OR1) 2, 10 1 o O oPCY/BS2004/001073

10

15

20

25

10)2P QZzO P~ \Z1 , and Z1/ \P QO P/ \zZ1 \O\Q \O Il

Il wherein Rl is phenyl, unsubstituted or

substi t 8t ed viherpropessoof slaine2@iharein Be2malak yatioof MICI to the

C12 | kKox [QURS,.,Qr pht hyl , unsubstituted or 15
%qurlﬂéﬁ%@ﬁbﬂgoam re Cl to C12 alkyl or Cl to

C12 al koxy groups; and Z and Z1 are independently

sel ected fromthe group consisting of structural
f or mul a8- |1 v, The prpcesa of claintd Whareingthrangiar gat ef Nilsto the

N T L R R

i ndependently selected from the group consi sting of
H Cl to Cl2_alkyl, and Cl1 to Cl12 al koxy; Xis
s, or CAPRiojThemrocess of daincd witer@mhémwntate nlmoswnrous-

2004{ QIS A BT FROMBAR Weing Tt P2 R12 M1 V1

(R'0),P(OZ0O)P(OR"),,
|
o o)
/ \ 2N /
(R'0),P—0z0—FP Z! pP——0ZO—FP z!
2 % % N

wherein R' is phenyl, unsubstituted or substituted with one or more C; to
C12 alkyl or C4 to C42 alkoxy groups; or naphthyl, unsubstituted or
substituted with one or more C, to C4, alkyl or C4 to C4, alkoxy groups;
and Z and Z' are independently selected from the group consisting of
structural formulae IV, V, VI, VIl, and VIII:

6 6
R X A~ _R
R7 \ R’
8 RY R® R8
I\Y} V

and wherein
R?,R% R*, R R% R, R% and R® are independently selected from
the group consisting of H, C1 to C42 alkyl, and C4to C4 alkoxy;
Xis O, S, or CH(R'");
R"is H or C; to Cq, alkyl;
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5 R and R12 are independently selected fromthe group
consisting of H Cl to Cl2 alkyl, and Cl to Cl12

wa@bdoeng499and CO2R13, R13 is Cl to Cl2 al kyl orPCBUS®04/001073

10

15

20

C10 aryl, unsubstituted or substituted, wth Cl to (4
alkyl ; Yis O, S, or CHR14); 10 R14 is Hor Cl to
C12 al kyl; 5 R15 \H VRI" wher® n R15 is sel &t ed

fromthe group gonsistipg of H Cl to Cl2 § , and
15 Cl to Cl K CO2R16; { S X 312 al kyl
or C6 to CI\ tituted Wi th
Cl to 4 al ky the strugtug e |
through VI1Y, the G 12 al k \c12

al koxy group ‘ ght chali 0 11.

The process Of claimZ Wwherein sard process turther
conprises contacting Vhe catalyst with \1

3- pent%r%(?n_itri | e and hydrogen cyanide to produce
adApOMNereine. - 17

R" and R are independently selected from the group consisting of

H, C4 to Cq2 alkyl, and Cto C42 alkoxy; and CO.R™,

R is C4 to Cy2 alkyl or Cs to Cqp aryl, unsubstituted or substituted,
with C4 to C4 alkyl ;

Y is O, S, or CH(R™y;

R™is H or Cqto Cy alkyl;

R15 R15

il
wherein R"?is selected from the group consisting of H, C; to C15 alkyl, and
C1to Cy alkoxy and COzR'S;
R is C4 to Cy alkyl or Cs to Cyg aryl, unsubstituted or substituted
with C4 to C4 alkyl.
wherein the structural formulae | through VI, the C4 to C42 alkyl, and C;
to C42 alkoxy groups are straight chain or branched.

11.  The process of claim 2 wherein said process further comprises

contacting the catalyst with 3-pentenenitrile and hydrogen cyanide to
produce adiponitrile.
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